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Method for the production of a semiconductor device 

The invention relates to a method for making a semiconductor device having a 
pattern of hi^y doped letpons located some distance ^lart in a semiconductor substrate 
S and regions of lovv doping located betwetmtiiBhii^y do 

a doping material is applied to the substrate, at least in the location of ^ highly 
doped regions, 

the substrate is subjected to a difiRision step in i»vfaich atoms difiiise from ^ doping 
material into the substrate, and 

10 - oonducdng contacts are made above the highly doped regions. 

A meOiod fbr TnnkiPe a selective emitter in a p^type crystalline Si substrate, lyith 
v^ch a diffiision mateiial in fomi of a doping paste* such as phosphorus paste, is 
9:p^eA to the substrate by screm printing is described in J. Horzel, J . Szluf cik, J, Nijs and 
R. Mertens. "A simple pnx:essing sequence fi>r selective emitters**, 26**" PVSC. Sept. 30 - 

15 Oct 3; Anaheim, CA; 1997 IEEE pp 139-142. The substrate is then dried on a conveyor 
belt and placed in a difiusion furnace. During the diSiision step the doping materials 
diffiisel^fte^^^ ^ regions outside the imprint 

of doping material via the gas atoiosphCTe m the fomace. Relatively deep division zones 
havmg a phosphorus concentration varying from lo'^ at the suifece of the substrate to lO'^ 

20 at a depth of 0.5 below the substrate surfece are formed below the imi»inted dope 
material. ShaUow diflftision zones having a low phosphorus concratcation. varying ftwn 
10*^ at the subsuaie surface to lO" at a depth of OJt Mm. are fonned outside the region of 
the imprint 

The disadvantage of the known method, in particular in Oo^ case of the production of 
25 solar cells in which the highly doped regions are arranged in a pattern qf a series of parallel 
tracks or fingers, is that die difiusion between ttie trades having a high concentration is 
highly sensitive to the atmosphere in the diflSision furnace, as a result of which the 
difiusion method is insufficiently stable as a production process. Furthemiore tbe ratio 
between flic high and low doping is dependent and tfaerefoi e local doping cannot be ^ ^;p<t>/LiA-^ 
30 adjusted to the optimum. To obt^ good contact with the meta^^^on placed on the highly ^M^z^v^ 
4^k£ regions, which metali^kion is frequently ^lied by screen printing, a low sur&ce 
le^stance, and thus as high as possible a doping, is desired. For the regions located 
between the metalf^ion an increase in yield is possible, for example in the case of n*p^ 
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t)^ solar cells, by passivation of the sur&ce with thermal Si02 or PECVD SiN, as a xesult 
of which recombination of charge carriers at the suxiace is counteracted. This increase in 
^i^j^Nyidld can be achieved only if the doping is low. 
^^^^^"o^ *™ present invention is therefore to provide a method for making a 

^ 5 semiconductor device, in particular a solar cell, with vdiich regions of high and low doping 
can be applied efiSciently in accurately detemiined positions on the substrate, A further: aim 
of the invention is to provide a metiiod with which the concentxations of the doping 
material in the regions of high and low doping can be adjusted relatively independendy of 
one another. 

10 To this end the method according to the invention is characterised in that befi^ the 

difRision step a difiusion barrier material is applied to ttie substrate at the location of the 
regions of Iqw doping by imprinting with the barrier material in the pattern of the regions 
of low doping. 

During the difiiision step, which usually will be carried out at tempctatures of 
IS approximately 900 the substrate regions located beneath the barrier material are 
shielded by the latt^ ftom the diflusion material applied to the ndgHbouring regions^ As a 
result the conceutraiion in the regions of low doping can be freely adjusted accurately and 
independently of the concentration in the highly doped regions, Furtfaencnoxe, vdth the 
medxod according to the inventian a single screen printing step and a single diying stq> can 
20 su£Sce. 

It is possible first to apply tiie doping material to the substrate as a uniform layer* for 
example by sprayings and then to print the bazrier material by means of a printing technique 
onto the regions of the substrate with low doping, after which the difi^on step is earned 
out In this embodiment the barrier material can delay the difiCusion of the underlying 
25 diffusion material or it can have etching properties, so that the underlying diflEusion during 
the diffusion step is etched out of the substrate. A barrier material which has etching 
properties is, for example, ZnO. 

Alternatively, according to the invention the barrier material is first applied by screen 
printing, stencil printing, offset printing or tampon printing or using other printing 
techniques known per se to tfiose regions of the substrate which are to have low doping. 
The doping material can then be applied as a single layer by spraying, spinning, immersing, 
vapour deposition or from the gas phase (such as, for example, by means of POCI3 gas in a 
crystal tube) on top of the substrate and on top of the barrier materia]. 
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Although this is not to be prefestxed from the production standpoint, the doping 
material can also be printed selectively onto the regions of the substrate for high dopipg, 
befoie or after applying the barrier material. Hie barrier material is, for exanqile, a 
dielectric material such as Si3N4, SiOi or TiQ2i to which an n-iype doping material, such as 
5 phosphorus (P), arsenic (As), antimony (Sb) or bismuth (Bi) can have been added, or a p- 
type doping material such as boron (B), aluminium (Al), gallium (Ga), indium Chi) or 
ihallmm (Th). This material is printed onto the substrate in paste fomi and then sintered at 
temperatures between 200 and 1000 *^C. 

Following the difiusion step the surface resistance in the highly doped regions is, for 

10 example, between 10 and 60 ohm square, for a concentration of doping atoms of between 
10^' cm'^ and 10^' cm'^, for a dlQusion depth beneath the substrate sur&ce of between 
0.1 |im and 0.5 |im. The sui^e resistance of the regions with low doping is between 
40 ohm and 600 ohm square, for a concentration of doping atoms of betwera 10^^ cm"^ and 
10^^ cm'^, for a difibsion depth of between 0.1 and 0.5 pm* 

IS A few embodiments of ib& method according to the present invention will be 



50explamed in more detail by way of example wiOi zeference to the appended diagrammatic 



drawing. In the drawing: 

^^S^ ^ shows a diagrammatic representation of a method according to the prior art, 

Fig g 2a ^ 2bjn d2c show a first embodimmt of a method according to the present 
20 invention using a unifonn layer of doping material. 

Fig s 3a, 3b and 3c show an altonadve embodimrat of a method according to the 
invemion with selective application of tlie dpjnng material, 

Figs 4a, 4b and 4c show an embodiment of the method according to the invention 
v(4im the banier materia] has etching properties and 

Fig.^S^ows a concentration profile of a semiconductor device produced according 
\c^^ to the invention* 



Fig. I shows a p*type substrate consisting o( £or example, silicon doped with n-type 
atoms. A doping material in the form of a paste, such as a phosphorus paste, is applied by 
means of screen printing to the substrate 1 above those regions of the substrate 1 which are 
to have high doping. Following a difiusion step at approximatejy 900 ^'C in a diffusion 
furnace there are highly doped regions 3 and regions 4, 4' of low doping, formed by lateral 
diflusion from the phosphorus paste 2 via the atmospheie in the dififusion furnace, in 
substrate L 
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Fig. 2a shows a first step of the method according to the invention, in whi A a batrier 
material 5, 5% 5" is applied by means of a printing technique, such as, for escan^le, screen 
printing, to the p-type crystalline silicon substrate 1 above those regions of the substrate 1 
which are to have low doping. The banier matoial 5 - S'' comprises, for example, a 
5 dielectric material such as Sxit^A, SiCh or TiQz in paste fottxn. After inqirinting the paste the 
barrier material S-S'' is sintered at a temperature between 200 and 1000 ^C- The 
doping material 2 is then ^plied uniformly over the substrate 1 and ova- the barrier 
material 5 ^ S'\ as shown in Fig. 2b. The doping material can be applied in very many 
dififerent w£0^» for example in the form of an organic molecule (for example triethyl 
10 phosphate) or in tiie form of phosphoric acid. Hi e doping material 2 can be applied by 
means of spraying, spinning, immersio ^'v^ ^i^^eposition or fiom a gas phased ^ 

The semiconductor device according to Fig 2b is then placed in a diq^simi furnace 
and subjected to a difiuaion step at, fbr example, approximately 1000 ^C. As aresult of this 
the n-type atoms diffiise fiom die doping material 2 into flie substrate 1, so that highly 
15 doped regions 6, 6% \^cli are located between regions 7p 7% 7^ of low doping, are formed 

in the substrate 1. The regions 7» 7% 7" of low doping are located beneatfa the bam g^rpn 
material 5 - 5". Finally, conducting ^^ad^ ^^^TSTfef example consisting of alumintiwi 
are ^)plied, likewise by means of a printing technique, to the d<q>ing material 2 on top of 
the highly doped regions 6« 6\ However, it is also possible to etdbi away the doping 
20 material 2 and the barrier mateiial 5-5'' after llie difiiision step in Fig. 2b and then to apply 
apas5ivatinglayerconsistii:^oft fbrexan^de, Si02orPBCVD SiN over the substrate 1. 

Fig. 3a shows an embodiment with which the barrier material S « 5" is first of all 
printed on the substrate 1 in the desired pattern of regions of low doping and highly doped 
regions* after which die n-type dopiiig material is qypUed between the barrier material 5 ^ 
25 5^ 

Afte- carrying out a difiiision step in Fig, 3b, the metal contacts are ^lied at 8, 8' to 
the doping material 2 above the highly doped regions 6, 6' by a printing techmque. 

It is possible to add an etching agent to the barrier material 5 - 5-^ in the embodiments 
according to Fig, 2a - Fig. 3c in order to etch away any doping material that has diffused 
30 beneath the barrier material. 

Fig. 4a shows an embodiment with which the doping material 2 is first applied over 
the substrate 1, after which the barrier material 5 - 5" is deposited in die desired pattern 
omo the doping material 2 by imprinting. In this case the barrier material can comprise an 
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etching agent such as, for example^ ZnO, During the difiusion step, which is cairied out in 
Fig. 4b, the etching agent &om the hairier material will etch awsry the difiEiision regions 
located beneath this, so that the highly doped regions 6, 6' remain in the substrate in 
positions where the barrier material 5 - S'' is absent Metal contacts 8, 8' can then be 
applied above the highly doped dififiisipn regions 6, 6\ as shown in Fig- 4c. 

This m ethod has the advantage that an optical difference >^ch can be used wh«i 



aligning the^met^^tion pattern 13 produced between the positions of the barrier material 

and neighb<^ing locations. FurOiennoie, reduced reflection can be obtained wilfa the 

cotistruction accoxdii^ to Fig. 4c. 
10 It is pointed out that althougji the method has been described with reference to a p- 

type substrate and an n-type doping material the method is also suitable for use with n-type 

substrates with p-type doping matedal* 

Finally, Fig. 5 shows a plot of the concentration against the depth below the substrate 

surface for a seniicondiictor device produced in accordance with the present inv^xtion. Tlie 
IS process conditions for the production of the semiconductor device having the concentration 

profile according to Fig. S were as follows: 

The barrier layer was a|iplied fiom a print paste vMch was simered in air at 

approximately 400 ^C. This leads to a layer of approximately 1 thick SiOi of low 

porosity (> 80% volume of SiCh). ft is important that the paste shows few cracks in order 
20 to achieve a maximimi gain in e£Sciency. Partial coverage of (he wafer with a barrier lay^ 

leads to a lower efBciency but not to short-circuiting of the cell, as is the case vriien a 

selective emitter is made with the aid of a resist to protect the locations where a tiigM y 

doped emitter is needed. 

After applying the barrier layer, a phosphorus-containing layer was iQ>plied by spin 
25 coating using a phosphorus source in the b'quid phase. Diffusion into the wafer was then 

cairied at 900 for 10 minutes, which led to the pattern below the barrier layer as is 
indicated in Fig. 5. 

To make cells, silver lines with a width of approximately 100 jam are then printed 
within the area previously etched by the barrier layer. The size of this etched area has be«ii 
chosen to be relatively large to prevent the risk of short-circuiting with the regions of Jow 
doping.. This etched area is at least 150 \im wide. It can be seen from Fig. 5 that the 
concentration of donor atoms in the highly doped regions 6, 6' is appreciably higher and 
extends over a greater depth than the concentrations of doping material in regions below 
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the bairicx material 5 - 5". Hie low donor concenttations at tiie surfoce. as are shown in 
Fig. 5, are outstandii^Iy suitable for sinface passivation. Tliis can lead to a g{e.*ifi*H..^ lise 
in efficieiu^ of the order of 5%, relative. 
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